The approach of the S and T isomers is applied to eight pairs of topologically related heterocyclic molecules with non-isomorphic partial structures. The CNDO/2 calculations as well as the experimental data clearly support the TEMO predictions.
Introduction
In the previous publications [1, 2] the theoretical background of the topological effect on molecular orbital energies (TEMO) was worked out and illustrated with a number of ^-electronic carbocyclic and nitrogen heterocyclic molecules. The TEMO concept provides a general relation for the MO energy patterns of the S and T isomers. The S and T isomers are topologically related molecules generated by different linkages between bi-or multivalent partial structures.
In the case of bivalent isomorphic partial structures with nonequivalent centers of residual valencies denoted by u and v. the S isomer is obtained linking u with w, and v with v. The T isomer results on connecting u with i\ and v with u. It was shown by analytical methods [1] that in this case the difference A (.v) of the characteristic polynomials of the T and S isomers is positive in the whole range of . Y which denotes the energy variable. Consequently, the Hückel MO energies of the S (i.e., ef) and T (i.e., ej) isomer necessarily obey the following interlacing rule: The inequalities (1) reflect the effect of molecular topology on MO energies. The interlacing rule (1) is called TEMO. Its immediate consequence is that the HOMO-LUMO separation in the S isomer is larger or smaller than in the related T isomer depending * For Part I and II see [1.2] .
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on whether the number n of 7r-electrons is n = 4// + 2 or n = 4//.
The present communication deals with an examination of a series of heterocyclic compounds ( Fig. 1 ) generated by bivalent non-isomorphic partial structures in terms of the TEMO concept. In this case, the difference of the characteristic polynomials assumes only a bilinear form [1] , and, obviously, it need not be positive in the whole range of .v. Accordingly, TEMO inverts the order of MO energies in intervals defined by consecutive real roots of A (.Y) = 0. The relative magnitude of the HOMO-LUMO separation also depends on the sign of A (.Y) in the region of HOMO and LUMO.
Since the partial structures are non-isomorphic, the designation of a compound as S or T isomer remains arbitrary; a choice has been made such that the compound which exhibits the lowest eigenvalue
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ax-
was chosen as the S isomer. This is in accord with the general TEMO pattern, if the lowest eigenvalues of the two compounds do not lie in an interval where TEMO has been inverted. If the o and 7r-electrons are separated due to the planarity of the molecules, TEMO applies independently to the g and rc-MO's energy patterns. Obviously, the characteristic polynomials of S and T as well as A (.Y) are different for o and n electrons.
The energies of the n and cr-MO's collected in Tables 1-8 were obtained by CNDO/2 calculations [3] using standard geometries, and all compounds but VIII were assumed planar. The non-planarity of VIII is due to the hydrogen atoms of the methylene Table 2 . S, T pair II: 4-(S) and 2-hydroxypyridine (T). 9.82* (lp)
4-hydroxypyridine (S)
Ref. [5] . Experimental values of the O-alkylated derivatives.
group. But from the AO's of these hydrogens (with respect to the plane of the molecule) a symmetric and an anti-symmetric linear combination can be constructed: the first one contributes to the er-MO's, and the second one to the rc-MO's. Accordingly, the o and n electrons are well separated in this case too.
Results and Discussion
As discussed in the previous section, for each of the S. T pairs investigated in the present paper, nas well as c-orbitals independently should exhibit the characteristic MO-energy patterns, therefore, these two types of orbitals will be treated separately. Table 3 . S, T pair III: x-(S) and y-pyrone (T).
x-pyrone (S)
A (jc) = 0 y-pyrone (T) Table 4 . S, T pair IV: quinol-2(l H)-one (S) and quinol-4(l H)-one (T). 
quinol-2( 1 H)-one (S)
A (x) = 0 quinol-4(l H)-one (T)
S, T pair IV: quinol-2(l H)-one (S) and quinol-4(l H)-one (T). quinol-2( 1 H)-one (S)
A (x) = 0 quinol- a Ref. [9] , b no decision could be made which of these two IP's are to be assigned to a n or a lone pair orbital. Table 7 .
S, T pair VII: phthalic anhydride (S) and 2,3-benzofurandione (T). phthalic anhydride (S)
A ( [9] , b no decision could be made which of these two IP's are to be assigned to a n or a lone pair orbital.
a) n-orbit als
As can be seen from Fig. 1 the S, T pairs I -VII correspond to ^-systems with n = 4ju 7r-electrons. Since the anti-symmetric linear combination of the two 1 s-orbitals of the methylenic hydrogen atoms provides an additional orbital of the 7r-type, the CFF-group may be regarded as contributing two 7r-electrons. These two compounds, therefore, correspond to the case n = 4//, too. Accordingly, if Koopmans theorem [4] holds, the ionisation potentials are expected to obey the following relationship. Table 8 . S, T pair VIII: 1,3-indandione (S) and 1,2-indandione (T). a Ref. [9] , b no decision could be made which of these two IP's are to be assigned to a n or a lone pair orbital.
1,3-indandione (S)
as a direct consequence of the general interlacing rule (1):
As already mentioned in the introduction the real roots of the polynomial A (x) play an important role in the case of non-isomorphic partial structures. Therefore, they are also listed in the tables. If the number of these roots within the range of occupied 7R-orbitals is even the prediction IP^ ^ IPj, retains its validity. If. however, A (.v) has an odd number of real roots within the indicated range, the ordering of the highest occupied rc-orbitals of the S, T pair is reversed and, correspondingly, IPf, ^ IPJ, is predicted. The ordering of the lower occupied MO's depends on whether A (.v) exhibits additional real roots or not. Whereas for the first ionisation potential only the number of roots has to be known no simple predictions, therefore, regarding the higher IP's can be made without explicit knowledge of the individual roots of A (A).
As can be seen from Tables 1 -8 only the pair III corresponds to the first case described above whereas all other compounds correspond to the second case. From this it follows that all pairs obey the rule IPfj ^ I Pi, except for III. for which according to relation (2) . IP^ ^ IPj, is predicted. The experimental values of the ionisation potentials, also collected in Tables 1-8 , clearly show that the above mentioned expectations based on the TEMO concept are in excellent agreement with the experimental observations (the very few discrepancies between theoretical predictions and experimental findings, namely IP^ of I and IP^2 of II, are marked by an asterisk in the tables).
b) a-orbitals
Whereas the number of 7r-electrons of each pair I -VIII is n = 4// this series of compounds may be divided into two subsets according to the number of cr-electrons: S. T pairs I -III with n = 4p and IV-VIII with /? = 4 // + 2 (the pair VIII formally contains /? = 44 = 4/^ <7-electrons, but actually, as argued before, two of them should be counted as 7r-electrons so n = 42 = 4// + 2). Consequently, the fj-ionisation potentials of the S. T pairs I-III should obey rule (2) whereas for the compounds VI-VIII relation (3) holds:
Taking into account the effect of a real root of the polynomial A (.x), the pairs I-III are seen to exhibit the MO pattern perfectly as expected when the principles of TEMO apply (see Tables 1-3) . Since for these pairs the number of roots of A (x) is odd relation (2) has to be inverted yielding IPj^IP^. All the experimental er-ionisation potentials but for II nicely confirm these theoretical expectations.
In the case of the larger compounds IV-VIII additional inversions occur for which no real roots of A (.x) could be determined; they are marked by dotted lines in the tables. This disagreement the expected MO pattern and the calculated eigenvalues has been observed within the manifold of er-orbitals in several other instances. The reasons for these irregularities are under investigation.
Since according to the previous discussions the number of real roots of A (.x) has to be known for the prediction of the relative ordering of the first ionisation potentials these additional inversions prevent any definite conclusions to be drawn regarding the CT-IP'S of S, T pairs IV-VIII.
Although the TEMO rule is not as simple as in the case of isomorphic partial structures, the topological effect on molecular energies is also clearly manifested within the S and T related pairs of isomers formed from non-isomorphic partial structures. For this type of compound, taking into account the effect of the real roots of A (.x), rules can be derived concerning the ionisation potentials which are general at least for 7r-electrons.
